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ABSTRACT

Reflective thinking is an essential skill for students to evaluate
evidence, review their learning, and address environmental
issues, particularly in biology. Conceptually, integrating Deep
Learning and Creative Problem-Solving is seen as relevant for
improving students' reflective thinking skills. Deep Learning
provides direction for the formation of meaningful, conscious,
and contextual understanding, while Creative Problem-Solving
provides learning procedures that encourage students to
identify problems, analyze information, develop alternative
solutions, and evaluate decisions. This research investigated
how Grade X students' reflective thinking evolved after applying
Creative Problem Solving within a deep learning framework
during environmental lessons. A quantitative pretest-posttest
approach was employed with 108 students across three
classes, collecting data from a 10-item essay test and a 20-item
reflective thinking scale. Results indicated that combining deep
learning and Creative Problem Solving significantly enhanced
reflective thinking (p < 0.05). The R? values demonstrated
positive effects: 22% in Research Class |, 12.2% in Class Il, and
53% in Class lll, with improvements in reacting, comparing, and
contemplating. These findings imply that integrating deep
learning with Creative Problem Solving can effectively boost
reflective  thinking in biology, especially regarding
environmental issues.
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INTRODUCTION

The development of science education requires that biology learning is not only oriented towards
mastering concepts, but also towards students' ability to analyze, reflect, and use scientific
knowledge to understand real-life problems. This demand is even more relevant when biology
learning faces the issue of environmental change that is complex, contextual, and requires
evidence-based reasoning. In this context, students need to develop high-level thinking skills,
including critical, creative, collaborative, communicative, and reflective thinking skills in order to
be able to understand the relationship between biological concepts, environmental phenomena,
and rational alternative problem-solving (Asbari et al., 2024; Karim, 2020). However, biology
learning in many classes still tends to emphasize mastery of factual information and memorization
of concepts, so it does not fully provide space for students to test understanding, interpret learning
experiences, and relate scientific concepts to real situations (Fransiska et al., 2021; Widyastuti,
2025). This condition shows a gap between the demands of biology learning that emphasize
contextual reasoning and learning practices that are still limited to knowledge transmission.

One of the important skills that needs to be developed in biology learning is reflective
thinking. Reflective thinking refers to an active and conscious process of evaluating experiences,
interpreting information, connecting knowledge to contextual situations, and drawing logical
conclusions or determining appropriate actions through systematic reasoning (Masatloglu &
Balaban, 2024; Titus & Muttungal, 2024). In science learning, this ability is crucial because students
are not only asked to understand concepts but also to interpret phenomena, evaluate evidence,
compare possible explanations, and make scientific decisions. In environmental change material,
reflective thinking is increasingly important because students face problems such as pollution,
ecosystem damage, climate change, biodiversity decline, and human behavior that affect
environmental sustainability. The material requires students to understand causal relationships,
critically assess information, and formulate solutions grounded in deep conceptual understanding
(Pangestuti & Aloysius, 2025).

Based on on-the-ground observations, reflective thinking skills remained low, with an
average achievement of 51%. By indicator, the reacting aspect was in the medium category at 57%,
while the comparing aspect was 50% and the contemplating aspect was 45%, still in the low
category. These findings indicate that students are relatively able to provide an initial response to
a problem but still have difficulty comparing information, connecting experiences with concepts,
and drawing deeper meanings from the learning process. Low achievement may be related to
teacher-centered learning, limited research activities, a lack of space for reflective discussion, and
limited student involvement in problem-solving that is close to real life (Nuraini et al., 2020). This
condition aligns with research findings by Nuraini et al. (2020) and Saritepeci and Yildiz Durak
(2024), which show that students often have difficulty analyzing information, connecting
knowledge to new situations, and evaluating thought processes when learning has not provided
an active and reflective learning experience. Sari et al. (2020) emphasize that the dominance of
lecture methods causes students to tend to be passive in learning. Therefore, a learning model is
needed that not only increases student participation but also facilitates deep, creative, and
reflective thinking.

Deep learning can serve as a pedagogical foundation for more meaningful learning because
it emphasizes students' involvement in understanding concepts in depth, awareness of the
learning process, and building connections between knowledge and real-world contexts (Fullan et
al., 2018; Sari & Arta, 2025). These works emphasize that deep learning encourages students to
develop conceptual understanding, active engagement, and the ability to apply knowledge in new
situations. In the context of biology learning, this approach is relevant because environmental
change is not sufficiently understood as a collection of definitions or facts but needs to be studied
as a systemic phenomenon involving interactions among biotic and abiotic components, human
activity, and ecological impacts. Thus, Deep Learning can help students build a more complete
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understanding of environmental issues and encourage them to reflect on the scientific and social
implications of the concepts studied. To make the deep learning process more structured, Deep
Learning can be integrated with the Creative Problem-Solving model. The Creative Problem-
Solving model provides a systematic sequence for understanding the problem, gathering facts,
formulating the problem, generating ideas, choosing solutions, and designing the acceptance or
implementation of solutions (Mitchell & Kowalik, 1989; Treffinger & Isaksen, 2005). These stages
allow students to use divergent and convergent thinking processes in a balanced manner. At the
divergent thinking stage, students are encouraged to generate various alternative ideas in
response to environmental problems. In the convergent thinking stage, students assess the
feasibility of solutions based on evidence, biological concepts, and rational considerations. This
process aligns with reflective thinking abilities because students not only solve problems but also
review reasons, compare alternatives, evaluate decisions, and reflect on the consequences of the
chosen solution.

Conceptually, integrating Deep Learning and Creative Problem-Solving is seen as relevant
for improving students' reflective thinking skills. Deep Learning provides direction for the
formation of meaningful, conscious, and contextual understanding, while Creative Problem-
Solving provides learning procedures that encourage students to identify problems, analyze
information, develop alternative solutions, and evaluate decisions. The relationship between these
two approaches aligns with the indicators of reflective thinking, namely reacting, comparing, and
contemplating. In the reacting indicator, students respond to environmental change phenomena
based on initial experience and information. In the comparing indicator, students compare facts,
concepts, and alternative solutions. In the contemplating indicator, students draw meaning,
evaluate the thought process, and formulate follow-ups based on scientific considerations. Thus,
the relationship between learning variables and reflective thinking abilities is not assumed directly
but is built through theoretical linkages among deep learning experiences, creative problem-
solving, and reflection processes (Fullan et al., 2018).

Although various studies have highlighted the importance of reflective thinking skills and
the use of active learning models in science education, empirical research on integrating Deep
Learning approaches with the Creative Problem-Solving model for environmental change
materials at the high school level remains limited. Previous research has generally treated
reflective thinking as a learning outcome or positioned problem-solving as a strategy to improve
learning outcomes, but few have systematically explained how deep learning experiences and the
stages of Creative Problem-Solving contribute to students' reflective thinking indicators (Nuraini
et al., 2020; Saritepeci & Yildiz Durak, 2024). Addressing these gaps, this study aims to analyze
improvements in the reflective thinking skills of Grade X students on environmental change
materials through the application of the Creative Problem-Solving model with Deep Learning and
to measure the model's contribution to students' reflective thinking skills. This research is
expected to make an empirical contribution to the development of biology learning that is more
reflective, contextual, and scientifically oriented toward environmental problem solving.

METHODS

Research Design

This study employed a quantitative approach with a weak experimental design, specifically a one-
group pre-test-post-test design involving three classes as replication groups to strengthen the
findings and reduce potential bias. This design was used to examine changes in students' reflective
thinking skills before and after implementing biology learning using the Creative Problem Solving
with Deep Learning model. The research design followed the pattern O; X O,, where O represents
the pre-test, X the learning intervention, and O, the post-test (Fraenkel & Wallen, 1990). The study
was conducted with Grade 10 students at a public senior high school. As this design did not include
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a control group, the interpretation of the findings focused on the improvement in N-gain scores
as an indicator of changes in students' reflective thinking skills following the intervention.

Figure 1
Design and research flow.

Research Design Framework
i iiepli(itinn - o1 |, X - 02 |
Class 1 Pretest Treatment [ Posttest |

Alignment with the Research Flow
° Participant Selection
i ii Three Grade X classes as replication groups

Research Preparation
Development of teaching materials, instruments,
and validation

¥

+

° f Pretest
01 Measurement of i

‘iieplintion - o1 |, X - 02 J
Class 2 test reatment

‘ i'epll(ztinn - o1 | X -
Class 3 Treatm

| Pretest

02 | e Treatment
o

° Posttest
02 Measurement of final reflective thinking ability

+

Data Analysis

B

= biology learning using the Creative
Problem Solving model with a Deep
Leamning approach

¥

Conclusion
02 = posttest of students' reflective thinking
ability

Notes: /
01 = pretest of students’ reflective thinking
ability

. vy A J

(Fraenkel & Wallen, 1990)

Population and Samples

The population of this study comprised all Grade 10 students at a public senior high school, across
eight classes with a total of 282 students. The sample was selected using purposive sampling and
comprised three research classes (Class 1, n = 36; Class 2, n = 36; and Class 3, n = 36), yielding a
total sample of 108 students. These three classes received the same learning intervention and
served as replication groups to strengthen the consistency and reliability of the research findings.
The classes were selected based on several criteria, including relatively homogeneous academic
ability, high learning motivation, and readiness to engage in critical and reflective thinking, thereby
facilitating the implementation of the learning innovation.

Instruments

The two instruments used include a reflective thinking ability test in the form of essay questions
and an assessment scale to measure students' reflective aspects. The thinking ability test consists
of 10 essay questions developed based on reflective thinking indicators that cover three main
aspects: Reacting, Comparing, and Contemplating (Sari et al., 2020). Meanwhile, the reflective
thinking scale consists of 20 statements. The goal is to find out how students' ability to respond
when given environmental change material to the learning process is measured using a four-point
Likert scale, which includes (strongly agree), (agree), (disagree), (strongly disagree). The instrument
developed in this study underwent two validation stages: expert judgment and empirical
validation. Expert validation was conducted by two experts, one a learning model design expert
and one an educational evaluation and material expert, to assess the appropriateness of the
instrument's content, readability, and construct. Furthermore, empirical validation was conducted
through a product trial on 30 respondents outside the main sample. The trial data were statistically
analyzed using Pearson's Product Moment correlation analysis for validity testing and the
Cronbach's Alpha formula for reliability testing to ensure the instrument's consistency before
being used in primary data collection. The validation results show that the instrument is suitable
for use, with several revisions. The instrument grids used are presented in Table 1, while Table 2
below presents a reflective thinking scale grid.
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Table 1
Reflective thinking test grid.

Reflective Thinking o Question
. Description .
Indicators points
Reacting Students' responses to problems and provide 1,4,7
opinions based on learning experiences.
Comparing Ability to compare information, connect and 2,58
analyze concepts
Contemplating Evaluate the thought process, draw conclusions, 3,6,9,10
and determine solutions.
Quantity 10
Note: Adapted from (Alfina, 2024; Surbeck et al., 1991)
Table 2
Reflective thinking scale grid.
Reflective Statement Type Statement Number
Thinkin Positive Negative Positive . Quantit
Indicatofs (+) Value g(-) Value (Favourable) Negative d
Reacting SS 4 SS 1
S 3 S 2
TS 5 TS 3 1,.5,7,8,9 234 8
STS 1 STS 4
Comparing SS 4 SS 1
S 3 S 2
TS 5 TS 3 11 10,12 3
STS 1 STS 4
Contemplating SS 4 SS 1
S 3 S 2 13,15, 16, 6,14, 18, 9
TS 2 TS 3 17,19, 20
STS 1 STS 4
Quantity 20

The instrument's empirical validity was tested through a trial with 35 students. The validity
test results showed that 10 of 15 questions in the reflective thinking test met the validity criteria,
while some items that did not meet the criteria were eliminated. Similarly, in the reflective thinking
scale instrument, 20 out of 30 statements were declared valid, with 10 statements eliminated
because they were not eligible. In addition, an analysis of the level of difficulty and differentiation
in the essay test instrument was also carried out to analyze the level of difficulty and differentiation
to ensure the quality of the question items in measuring students' reflective thinking skills. These
findings show that most of the question items are empirically valid and appropriate for measuring
students' reflective thinking skills. Reliability analysis using Cronbach's alpha yielded a coefficient
of 0.797 for the reflective thinking test and 0.825 for the reflective thinking scale, both categorized
as high reliability. This shows that the instrument has good internal consistency and produces
stable measurement results, so it can be relied on to assess students' reflective thinking skills.
Thus, the final instrument used in this study consisted of 10 essays and 20 scale statements to
measure reflective thinking skills.
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Procedures

This study was conducted through three main stages: pre-test, treatment, and post-test. The
treatment phase consisted of four learning meetings, each lasting three instructional periods (135
minutes), during which the Deep Learning approach integrated with the Creative Problem-Solving
model was implemented in biology learning on environmental change materials. In the first stage,
students were given a pre-test to measure their initial reflective thinking ability based on the
indicators of reacting, comparing, and contemplating. This pre-test aimed to determine students'
initial condition before treatment. In the second stage, treatment was carried out by applying the
Deep Learning approach integrated with the Creative Problem-Solving model in learning biology
on environmental change materials. The learning process was carried out in stages according to
the syntax, namely objective finding, fact finding, problem finding, idea finding, solution finding,
and acceptance finding.

During the objective-finding stage, students are guided to identify learning goals and
phenomena related to environmental change. Then, in the fact-finding stage, they collect
information through observation, discussion, and relevant resources. In the problem-finding
stage, students develop problems based on the collected facts. Next, during the idea-finding stage,
students creatively generate various alternative solutions through group discussions. In the
solution-finding stage, they evaluate and select the most appropriate solution based on logical
and scientific reasoning. Finally, in the acceptance-finding stage, students prepare an action plan
and present their results of the problem-solving process. This sequence encourages in-depth
research, comparison of different perspectives, and reflection on the reasoning process used to
solve problems. Additionally, group discussions provide opportunities for idea exchange,
argument testing, and re-evaluating understanding (Mukhoyaroh et al., 2025).

All stages are integrated with deep learning, which emphasizes meaningful learning
(meaningful learning), conscious learning (mindful learning), and fun learning (joyful learning), so
that students not only understand deep concepts but also relate knowledge to real-life contexts
(Arif et al., 2025). During the learning process, students are actively involved in discussions,
analysis of environmental phenomena, contextual problem solving, and reflection on the thought
process carried out. In the final stage, students are given a post-test to measure their reflective
thinking skills after participating in learning. The post-test results are then compared with the
results of the pre-test to determine the improvement of students' reflective thinking skills and to
analyze the influence of the Deep Learning approach with the Creative Problem Solving on
students' reflective thinking ability. The use of a pre-test post-test comparison design allows
researchers to identify changes in students' abilities in a more measurable manner after being
given learning interventions and to clarify the relationship between the Deep Learning Approach
and the Creative Problem-Solving Model presented on the chart as follows in Figure 2.

Figure 2
The influence of the deep learning approach and the creative problem-solving model.
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Data Collection and Analysis

In this study, the analysis focused on improving reflective thinking; the data were analyzed using
N-Gain to determine the improvement in reflective thinking skills, as shown in Table 3. Prior to
hypothesis testing, a preliminary analysis was conducted to verify whether the data met the
assumptions for parametric statistical analysis. Data normality was assessed using the
Kolmogorov-Smirnov test, while the homogeneity of variance was evaluated using Levene's test.
Data were considered normally distributed and homogeneous if the significance value (p)
exceeded 0.05 (Usmadi, 2020). After confirming that the data met the assumptions of normality
and homogeneity, hypothesis testing was conducted using a paired-sample t-test to compare
students' reflective thinking scores before (pre-test) and after (post-test) the implementation of
the Deep Learning approach integrated with the Creative Problem-Solving model. The paired-
sample t-test was selected because the pre-test and post-test scores were obtained from the same
participants. A statistically significant difference (p < 0.05) indicated that the intervention produced
a significant improvement in students' reflective thinking skills. Furthermore, Pearson's product-
moment correlation analysis was conducted to examine the relationship between the
implementation of the learning approach and students' reflective thinking skills. The contribution
of the learning approach was then estimated using the coefficient of determination (r?), which was
obtained by squaring the Pearson correlation coefficient (r x r). The resulting coefficient of
determination (r?) represents the proportion of variance in students' reflective thinking skills
explained by the Pearson correlation between the learning approach and reflective thinking skills.

Table 3
Results of data homogeneity and normality test.

Tests of Normality Test of Homogeneity of Variance
(Kolmogorov-Smirnov) (Levene's)
Class Statistic Sig. Statistic Sig.
1 0.101 0.111 Based on Mean 4.103 0.124
2 0.117 0.120 Based on Median 3.595 0.139
Based on Median and Width 3.595 0.156
3 0.142 0.132 Based on trimmed mean 3.731 0.162

Based on Table 3, the results of the prerequisite test show that the N-Gain data for reflective
thinking ability meet the assumptions of normality and homogeneity. The normality test using the
Kolmogorov-Smirnov test yielded a significance value of 0.111 in class 1,0.120 in class 2,and 0.132
in class 3, all of which were greater than 0.05, indicating that the data were normally distributed.
Furthermore, the homogeneity test using Levene's Test (Based on Mean) obtained a statistical
value of 4.103 with a significance value of 0.124 (p > 0.05 (a)), indicating that the data variance in
the three classes was homogeneous. Thus, the data met the prerequisites for further statistical
analysis.

Table 4
Scores according to N-gain.

Yes Limitations Categories
1. g>0.70 Height
2. 0.31<g<0.70 Medium
3. £<0.30 Low
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RESULTS AND DISCUSSION 6

The results of this study show that applying the Deep Learning approach integrated with the
Creative Problem-Solving model is effective in improving students' reflective thinking skills. This
improvement occurs because the learning process is designed to encourage learners to be actively
involved in finding problems, analyzing facts, formulating solutions, and reflecting on problem-
solving results. The recapitulation of the results of the reflective thinking ability test for students
can be seenin Table 5.

Table 5
Results of N-gain improvement of reflective thinking ability in classes 1, 2, and 3.

Classes Average Post-test Average Categories
Pre-test Average N-Gain
1 58,65 92,60 0,83 Height
2 63,39 91,24 0,77 Height
3 61,03 91,23 0,77 Height

Based on Table 5, all research classes experienced an increase in reflective thinking skills in
the high category. In the reflective thinking ability test, the first research class obtained the highest
N-Gain value of 0.83, followed by the second research class of 0.77 and the third research class of
0.77. These findings show that deep learning integrated with the Creative Problem-Solving model
not only improves students' ability to analyze and solve biological problems reflectively, but also
strengthens awareness of the learning process. The increase in the reflective thinking test
represents the development of cognitive aspects in students' reflective thinking, while the increase
in the reflective thinking scale shows the development of students' reflective thinking in evaluating
learning experiences. This confirms that learning that is designed in depth is able to improve the
ability to think reflectively gradually; the improvement of reflective thinking skills of each indicator
in the research class can be seen in Figure 3 as follows:

Figure 3
N-gain results per reflective thinking ability indicator.
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Based on Figure 3, reflective thinking ability results vary across indicators in the three
research classes, influenced by the learning process, student characteristics, and classroom
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environmental conditions. For example, the Reaction indicator tends to experience greater
improvements because these abilities are related to responding to questions, conveying simple
opinions, and providing initial responses to given problems. The indicator Comparing experienced
moderate improvement because students were required to compare information, relate the
material to previous experience, and assess several alternative solutions. This ability requires a
sufficient understanding of the material and the habit of discussing, so not all students can master
it in a short time. However, group work activities and discussions during learning help students
exchange opinions so that this indicator continues to improve. Meanwhile, the contemplating
indicator tends to decrease because learners must be able to evaluate their own thought
processes, conclude learning, and reflect on the solutions chosen. In fact, many students are still
not used to deep reflection and are more focused on completing tasks than on reviewing their
thought processes; differences in academic ability between students also affect the results of each
indicator. Thus, students solving problems with reflective thinking skills through regular
completion of steps will train them to develop skills and relate experiences to the learning process
(Suhaji, 2020). In addition to the improvement analysis, hypothesis testing was carried out to
determine the significance of the effect of treatment on students' reflective thinking skills. The
improvement of reflective thinking skills can be seen from the students' answers presented as
follows:

Table 6
Categories of students' answers to the reflective thinking ability test.

Students' answers to reflective thinking skills test
High Category

Reacting

(Class 1)

Reacting Score 3: Learners gave a strong and

(Class 2) honest emotional response to the
tragedy. They show a high level of
self-awareness  that  upstream
actions have a direct impact on
downstream, and they firmly reject
old false assumptions for reasons
that touch on the human side.

Reacting

(Class 3)
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Students' answers to reflective thinking skills test
High Category

Comparing Score 3: Students were able to

(Class 1) compare the role of mangroves
appropriately, link environmental
damage to long-term health risks,
and provide in-depth reflection on
personal responsibility.

Comparing

(Class 2)
Score 3: Students provided a sharp
comparison between industrial and
domestic waste, and were able to
conclude that domestic waste is
more difficult to overcome due to the

Comparing massive number of (personal)

(Class 3) perpetrators. The answer shows an

awareness that major change must
start from individual actions (the
gutter of the house).

Contemplating
(Class 1)

Score 3: Students provide honest,
personal identification of actions, are
able to construct a "natural rebuke"
that  addresses  the ethical
dimension, and formulate a very
specific  (not just theoretical)
commitment to behavior change.

Contemplating
(Class 2)

Contemplating
(Class 3)

Improvements in each indicator across the three research classes were influenced by the
implemented learning process and classroom learning environment, both of which play an
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important role in promoting students' reflective thinking and metacognitive development (Carney-
Anderson, 2026; Titus & Muttungal, 2024). High-category students demonstrated stronger
performance on the Reacting indicator by providing more elaborate responses and relating
environmental problems to their broader impacts, consistent with the initial reflective response
described by Surbeck et al. (1991). On the Comparing indicator, they effectively integrated prior
knowledge with newly acquired information and justified their proposed solutions, reflecting the
comparative elaboration stage of reflective thinking (Rodgers, 2002; Surbeck et al., 1991).
Furthermore, students in the high category achieved better performance on the Contemplating
indicator by evaluating their reasoning processes and proposing well-considered solutions,
whereas students in the medium category tended to focus primarily on the final outcome rather
than critically reviewing their reasoning process (Rodgers, 2002; Yang et al., 2026). Overall, these
findings indicate progressive development of reflective thinking across all indicators, although the
depth of reflection varied among students (Carney-Anderson, 2026; Titus & Muttungal, 2024).

The results of the analysis of improvements in reflective thinking skills vary across indicators.
The Reacting indicator tends to show greater improvement because these abilities involve
responding to questions, expressing simple opinions, and providing initial responses to given
problems. The Comparing indicator tends to increase less because students are required to
compare information, relate material to previous experience, and assess several alternative
solutions. This ability requires a solid understanding of the material and a habit of discussion, so
not all students can master it in a short time. However, group work and discussions during learning
help students exchange opinions, so this indicator continues to increase (Antonio, 2020; Yaacob
etal., 2021). Meanwhile, the Contemplating indicator increases moderately because students must
be able to evaluate their own thought process, conclude learning, and reflect on the solutions
chosen. In fact, many students are still not used to deep reflection and are more focused on
completing tasks rather than reviewing their thinking process; differences in academic abilities
between students also affect the results of each indicator.

The Effect of the Deep Learning Approach with the Creative Problem-Solving model on
Students' Reflective Thinking Skills

Hypothesis testing was conducted to determine whether implementing a Deep Learning approach
integrated with the Creative Problem-Solving model had a significant effect on students' reflective
thinking skills. Reflective thinking skills were measured using two complementary instruments: a
reflective thinking essay test and a reflective thinking scale. To obtain a comprehensive measure
of students' reflective thinking skills, statistical analysis was performed using a composite score
derived from both instruments; therefore, the results presented in Table 7 represent the
hypothesis testing based on the composite reflective thinking score.

Table 7
Results of the paired sample t-test of students' reflective thinking scores.

Paired Sample t-Test

Research Pre-test Post-test Mean t df  Sig. (2- Cohen’s
Class Mean % SD Mean + SD Difference Tailed) d
1 59.00+8.65 93.00+4.18 34.00 -30.059 35 <.001 5.010
2 63.75+8.31 91.64+4.35 27.89 -30.059 35 <.001 4.656
3 1 61.33+£6.22 91.61+£4.12 30.28 -27.097 35 <.001 4516

Based on the results of the paired-samples t-test presented in Table 7, statistically significant
differences were found between the pre-test and post-test scores of students' reflective thinking
skills in all three research classes (p < 0.001). In Research Class |, the mean score increased from
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59.00 + 8.65 t0 93.00 + 4.18 (t (35) = -30.059, p < 0.001). Similarly, Research Class Il increased from
63.75 £ 8.31 to 91.64 + 4.35 (t (35) = -27.938, p < 0.001), while Research Class Ill improved from
61.33 + 6.22 to 91.61 + 4.12 (t (35) = -27.097, p < 0.001). These findings indicate that students'
reflective thinking skills improved significantly after implementing the Deep Learning approach
integrated with the Creative Problem-Solving model. Furthermore, Cohen's d values of 5.010,
4.656, and 4.516 for Research Classes |, I, and lll, respectively, indicate very large effect sizes,
demonstrating that the intervention produced a substantial educational impact. These statistical
findings are further supported by the high N-Gain values obtained across the three research
classes, indicating that the observed improvement was not only statistically significant but also
reflected meaningful learning gains.

The influence of this approach stems from Deep Learning with the Creative Problem-Solving
model. It emphasizes students' active involvement in building their understanding. In addition,
students are directed to identify real problems, analyze the information obtained, evaluate various
alternative solutions, and reflect on the decisions taken. A strong literacy foundation encourages
reflective thinking because it allows students to understand information in depth before
conducting the analysis and evaluation process. These conditions align with Bardi et al. (2025),
which shows that literacy is not only the ability to write and read but also the ability to reflect on
information in the learning process. Students in the superior class generally have better academic
literacy and communication skills than those in regular classes. This ability makes it easier for them
to understand problems, process information, and present the results of analysis systematically.
This process encourages students to organize their own knowledge, develop high-level thinking
skills, and build learning independence. In line with the submissions by Fullan et al. (2018), the
approach of Deep Learning is oriented toward the development of in-depth conceptual
understanding through the active involvement of learners in the learning experience. In addition,
Treffinger and Isaksen (2005) state that Creative Problem Solving is a learning model designed to
help students solve problems creatively through divergent and convergent processes. These
findings align with Dewey's (1909) conception of reflective thinking as an active, persistent, and
careful process of examining experiences and beliefs to reach reasoned judgments, which
Rodgers (2002) further described as a systematic process of meaning making through reflection.
Thus, the learning process that provides space for reflection and active involvement is able to
improve the ability to think at a higher level, such as reflective thinking (Kember, 1999). In this
study, students not only passively receive information but are actively involved in finding,
evaluating, and reflecting on solutions to problem-solving related to environmental change. Thus,
integrating the two provides ample space for students to optimally develop reflective thinking
skills. This study also aims to see how much the application of the approach contributes to Deep
Learning with the Creative Problem-Solving model in influencing the ability to think reflectively.
The results of the analysis are presented in the following description, including:

The Contribution of the Deep Learning Approach with the Creative Problem-Solving model
to Students' Reflective Thinking Skills

This research was also carried out to determine the large contribution of the Deep Learning
approach with the Creative Problem-Solving model to students' reflective thinking ability. The
results of the contribution analysis obtained in this study are presented in the following
description.

Using the coefficient of determination (r?) reported in Table 8, the contribution of the Deep
Learning approach integrated with the Creative Problem-Solving model to students' reflective
thinking skills was estimated by squaring the Pearson correlation coefficient (r). The results
showed that the coefficient of determination was 22.0% for Research Class 1, 12.2% for Research
Class 2, and 53.0% for Research Class 3. These findings indicate that the learning approach
contributed positively to improving students' reflective thinking skills, although the magnitude of
the contribution differed across the three research classes. The highest contribution was observed
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in Research Class 3, whereas the remaining variance in reflective thinking skills may be attributed
to other factors not examined in this study. According to Mitchell and Kowalik (1989), the Creative
Problem-Solving model is designed to develop creative problem-solving skills through structured
thinking stages. This finding supports the research results that when students are faced with
learning situations that demand in-depth analysis and evaluation, the reflection process develops
more optimally (Inriani et al., 2021).

Table 8
Contribution of the deep learning approach integrated with the creative problem-solving model based
on the squared Pearson correlation coefficient.

Pearson Coefficient of Contribution (%)
Class . ..
Correlation (r) Determination (r2)
Class 1 0.568 0.220 22.0
Class 2 0.340 0.122 12.2
Class 3 0.440 0.530 53.0

Using the coefficient of determination (r?) reported in Table 8, the contribution of the Deep
Learning approach integrated with the Creative Problem-Solving model to students' reflective
thinking skills was estimated by squaring the Pearson correlation coefficient (r). The results
showed that the coefficient of determination was 22.0% for Research Class 1, 12.2% for Research
Class 2, and 53.0% for Research Class 3. These findings indicate that the learning approach
contributed positively to improving students' reflective thinking skills, although the magnitude of
the contribution differed across the three research classes. The highest contribution was observed
in Research Class 3, whereas the remaining variance in reflective thinking skills may be attributed
to other factors not examined in this study. According to Mitchell and Kowalik (1989), the Creative
Problem-Solving model is designed to develop creative problem-solving skills through structured
thinking stages. This finding supports the research results that when students are faced with
learning situations that demand in-depth analysis and evaluation, the reflection process develops
more optimally (Inriani et al., 2021).

This contribution also has practical implications for learning, as teachers can use the Deep
Learning approach alongside the Creative Problem-Solving model to increase student involvement
while practicing reflective thinking skills in a structured manner. In addition, the contribution to
each indicator shows that this approach is more effective in developing initial abilities, such as
reacting, and gradually improves more complex abilities, such as comparing and contemplating.
The advantage of integrating these two approaches lies in its ability to combine meaningful
learning with a systematic problem-solving process, thereby not only improving conceptual
understanding but also forming a reflective mindset in a sustainable manner. However, its
effectiveness is still influenced by the consistency of learning implementation and students'
readiness to engage in the learning process, which requires activity and deep thinking.

Based on the description above, the application of the Deep Learning approach integrated
with the Creative Problem-Solving model has proven influential and has made a positive
contribution to the reflective thinking ability of class X students, especially in learning biology
materials on environmental change. These findings show that the more effectively meaningful,
conscious, and fun learning is applied, with the creative problem-solving stage, the more it
encourages students' ability to reflect on learning experiences, analyze problems, and evaluate
their thinking process to develop further. These findings are in line with research Zahwa (2024),
which shows that the application of innovative learning approaches is able to improve students'
reflective thinking skills through active involvement in the learning process. Research results by
Sari et al. (2020) show that Creative Problem Solving can encourage students to think more
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reflectively through structured problem-solving activities. The results of this study suggest that
efforts to improve students' reflective thinking skills are not enough to convey biological concepts
theoretically; they need to be supported by a learning process that provides space for students to
explore ideas, reflect on learning experiences, and formulate systematic solutions to the problems
they face.

CONCLUSION

The findings of this study indicate that students' reflective thinking skills improved significantly
after participating in biology learning through the Deep Learning approach integrated with the
Creative Problem-Solving model, as demonstrated by the paired-sample t-test results. Descriptive
analysis also showed high N-Gain scores across all three research classes, indicating substantial
improvement in students' reflective thinking abilities. Furthermore, the coefficient of
determination (r? suggested that the learning approach contributed positively to students'
reflective thinking skills, although the magnitude of the contribution varied among the three
research classes. These findings suggest that integrating the Deep Learning approach with the
Creative Problem-Solving model can serve as an effective instructional strategy to foster deeper,
more critical, and more reflective thinking in biology learning, particularly on environmental
change topics.

Nevertheless, the findings should be interpreted with caution because this study employed
a one-group pre-test post-test design without a control group. Therefore, the observed
improvements cannot be attributed exclusively to the intervention, as other factors, such as
maturation, prior learning experiences, or external influences, may also have affected students'
reflective thinking development. In addition, the use of purposive sampling and participants from
a single school limits the generalizability of the findings. Future studies are recommended to
employ more rigorous experimental or quasi-experimental designs involving control groups,
larger and more diverse samples, and additional variables that may influence reflective thinking
skills to provide stronger empirical evidence regarding the effectiveness of the Deep Learning
approach integrated with the Creative Problem-Solving model.
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